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Fperimental immunization with live strains of Bacterium tularense of
low virulence. First report.

by E. Gotachlich, Said Mal Golem and Tahsin Berkin.

Turk Hifzissihha Ve Tecrubi Biyoloji Yecmasi, 2: 145-156 (1940-41).

Among the strains of Bact. tularense made available to us by other
institutes in 1936 on the occasion of the first report of tularemia in
Turkey (cf. E. Gotschlich and Tahsin Berkln, Tdrkische Zeitschr. f. Hygiene
u. exper. Biol. 1:1:129:1938)s there were two that rere designated as , i
apathogcnic or weakly pathogenic for laboratory animals, namely:

"Berlin 38" from Prof. Dr. Gildeeister, Vice President of the R. Koch
Institute at Berlin, and "Stockholm 4" from Prof. Dr. Olin, Stockholm.

Both cultures had originally been grown in the USA and, according to
available data, had been apathoger-ic or weakly pathogenic for laboratory
anivals from the start, without having been reduced to this low virulence
intentionally by means of external treatment. Whether or not we were
dealing here vith two different transplants of the same strain, a theory
apparently supported by the uniformity of their effect on laboratory animals
in tests to be described later, could not be clarified by inquiries with the
senders. The re-examination of both cultures for morphological, cultural
and serologic characteristics conducted by us previously revealed identical
action (of. E. Gotschlich and Tahsin Berkin, op. cit. p. 130).

. The subject of the investigations to be described below was twofold.

'1) Examination of teir- pathogenic or apathogenic behaviour in
connection with the customary laboratory animals (Winea pigs, rabbits and
white mice) by various modes of infection.

2) Examination of their immunizing effect in the indicated animals upon
application of live cultures. The latter tests are of particular interest,
especially for the practical feasibility of vaccination, since the superi-
ority of live vaccines over killed vaccines has been established unequivocally
in the case of other infectious pathogens (e.g. plague bacilli by Strong). (
The test for possibly activated immunity was made with the virulent strain /
"Gflhane," obtained by Prof. Dr. Kemal Htlseyin in 1936 at Istanbul from a
patient from Thrace.

Well-developed surface cultures of 48 hours on Francis' medium, con-
taininv agar, cystine, dextrose and horse blood, were used in connection with
the apathogenic and pathogenic strains cf Bact. tularense.

Tests.

Immunization of Sainea pigs of about 500 g body waight by intraperitoneal
inoculation of 1 loop each of a live, weakly pathogenic culture of Bacterium
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tularense, strain. "Stockholm 4" in intervals of about 3 weeks.

In the period 9-12 January, on 28 January and on 19 February 1939, a
total of 31 guinea pigs were treated in this manner. Of these, 4 died inter-
currently (*) of common pneumonia and pleuropneumonia caused by pneumococci
and streptococci, while bacteriological examinations for Bact. tularense
proved negative. An additional 12 anirias succumbed to peritonitis, 10 of
these within 12-24 hours after the first, tm others writhin 12-24 hours after
the third injection; in 5 of these 12 zuzimals BDact. tularense was demonstrated
culturally. An endotoxic effect of Bact. tularense apoprently is involved in
the case of these 12 animals uich dicd immediately after the intraperitoneal
injection, ubereas the viable tularemia bacilli demonstrated in 5 cases had
escaped destruction owing to the attenuation of organic defenses. The fact
that the lethal effect is exerted either immediately after injection or not
at all, leads to the conclusion that a genuine infection with the multiplica-
tion of the pathogen in the organism is not involved.

M The frequency of these intercurrent cases in our test series approximated
- that of our entire animal stock.

After the deduction of 4 animals thqt died intercurrently and 12 that
succumbed to the effects of endotoxin, 15 remained as survivors of the three-
fold intraperitoneal imnmization with 1.0 loop of culture. Of these 15
animals, 4 were sacrificed 3 weeks after the last treatment and examined for

Q signs of a possible chronic infection, at which time 1 nodule was found in the
liver in 3 cases, 2 of them with swelling of the lymph glands, and a small
abscess in the epiploon in one case. Bacteriological examinations of these
lesions for Bact. tularense were invariably negative. The remaining 14
animals were tested for the state of immunity 15 days after the last treat-
ment, by infection with calibrated amounts of a virulent culture of Bact.
tularense, with the following results:

Table I.

Intraperitoneal inoculation of: Control animals
(without prior immnization)

1.0 loop: dies of tularemia after 2 days 1.0 loop: dies of tularemia after
2 days

0.1 " survives 0.1 " 3 3 days
0.01 " survives 0.01 " " 3 days

0.001 " survives 0.001 " " 1das

Conjunctival inoculation of:

,.0 loop: dies intercurrently of pneumonia 1.0 loop: dies of tularemia aft,'
(bacteriol. xam. f. tular. neg.) 14 days

1.0 " survives 0.1 13 days
0.1 " survives Results of section and bacter.
0.1 " survives eamn f. tularemia positivo in

both animals
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Cutaneous inoculation by rubbing into the shaved abdominal skin:

1.0 loop: survives 1.0 loop: dies of tularemia after 8 days
1.0 " survives 0.1 " survives

0.01 survives
0.001 " survives.

Lmmunization tests with guinea pigs by intraperitoneal inoculation with
1.0 loop each of a live, weakly pathogenic culture of Bact. tularense
"Berlin 38" in intervals of about 3 weeks, on 21 Jan., 15 Feb. and 2 Mar. 1939.

Of 11 pre-treated animals, 3 die within 12-24 hours after the first
injection, accompanied by peritonitis and positive bacteriological findings
of Bact. tularense, apparently by the effect of endotoxin.

Of the 8 surviving animals, 2 are sacrificed 14 days after the last
treatment and examined for a possible chronic infection with tularemia: One
of these animals shows completely negative post mortem and bacteriological
findings. Testing of the remaining 6 animals with the virulent culture
"Galhane" on 16 March 1939, i.e. 14 days after the last treatment, has the
following results:

Table I.

Intraperitoneal inoculation of: Control animals1 0 (without prior izmm ation)

0.1 loop: survives 0.1 loop: dies of tularemia after
0.01 " survives 2 days

0.01 " " 3 days
In both animals, positive
post mortem and cultural
findings of tularemia.

Conjunctival inoculation of:

1.0 loop: survives 1.0 loop: dies of tularemia after 7 days
0.1 " survives 0.1 " " l0days

Autopsy positive in both animals.
In the first, cultural findings of
Baot. tularense.

Cutaneous inoculation of:

1.0 loop: survives 1.0 loop: dies after 15 days
0.1 " survives 0.1 " " 8 days.

In both animals, positive
autopsy for tularemial cultural
demonstration of Bact. tularene
fails.

In the preceding, we have first reported the results of these two testQ series with the strains "Stockholm 41" and "Berlin 38" separately, in order
to show the uniformity of the results' 'which also extends to the number of
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Canimals succumbing to the endotoxdc effect (in the case of "Stockholm 4",

among 27 animals, after the deduction of intercurrent deaths: 12, i.e. 44%,
in the case of "Berlin 38," among 31 pre-treated animals: 3, i.e. 27% died
of endotoxin).

The summation of these two tests shows the following very distinct
immunizing effect on animals surviving a threefold intraperitoneal injection
of 1.0 loop each of a weakly patho ;=ic culture, i.e. a very i ijous treat-
ment, against the indicated infection with virulent culture by different
modes of instilation.

Table Ill.

Imminized animals. Control animals uithout prior imminiz.

Intraperitoneal infection Intraperitoneal infection (7 animals)(7 animls)

1.0 loop: dies of tularemia 1.0 loop: dies of tularemia after 2 days.
after 2 days

0.1 " te 10.1 all 3 survive 0.1 all 3 die of tularemia

0.urt 0.1" after 3 days

0.01 " 0.01 both de of tularemia
0.01 " all 3 survive 0.01 fter 3 daa
0.001 " 0.001", dies of tularemia after 4 days

Conjunctsva infection (6 animals) Conjuncval Infection (4 animals)

1.0 loop: both die of tularemia 1.0 loop: dies of tuaremia after 7 days
1.0 " 1.0 loopt dies of t. after 14+ days

.1 this an ml dies inter- 0.1 10 dayscurrently from pusumonia, after 0.1 " "13 days
9 days! autopsy & beotes~ol, "a.
for tularemia negatiLve.

0.1 loop:
0.0l all 3 suvive.0.1

Cutneous infection (4 &W .1) Cutaeous infection (6 animas)
1.0 loop: 1.0 loop: dies oi Wuarema afte 7 days
1.0 "1.0 " "10 days
0.1 " all survive 0.1 " 10 days

0.1 0.01"
0.1 l sur-Vive

0.01 "0.001 "



The sunzary reveals that the obtained active =mnity conveys a

positive protection against the large dose of 1.0 loop in cutaneous and
conjunctival infection, and against intraperitoneal infection up to a dose
of 0.1 loop, while all non-treated control animals succumb to doses of 0.001
intraperitoneally and 0.1 per conjunctiva, and that the cutaneous infection
with 0.1 loop apparently represents the limit of lethal dosage and that the
smaller doses of 0.01 and 0.001 loop are tolerated.

Dulg the discussion of tests with strains "'Stockh7olm 4:- .:d "BIrlin
38,I we have already treated the possibility of dealing with chronically or
latently infected animals; post mortem findings were completely negative in
2 out of 6 animals examined 3 weeks after the last injection; furthermore:
The splenic tumescence characteristic of tularemia was absent in all
immunized animals and cultural examinations for Bact. tularense were negative.
A confirmation by negative results of organ infusion from one guinea pig to
another, attempted once with a negative outcome, was futile in view of the

weakly pathogenic condition of our test strains. Particular interest is
offered by the post mortem findings of 5 guinea pigs who had been imtauized
in preliminary tests in July 1938, had survived, and had been dissected and
examined bacteriologically in the beginning of March 1939, i.e. about 8
ronths later. Here, too, the cultural result was invariably negative; the
autopsy showed a completely negative result in one case, while the following
small lesions were found in the other 4 animals:

1) 1 necrotic spot in the Uivcr and adhesions between liver and plexus.
2)1 nodule in the lung.
3) 1 small hepatic abscess vith caseous pus.
4) 1 large nodale in the lver.

In the latter two cases, as well as in some of the post mortem andings
from our main tests with cultures "Berlin 38" and "Stockholm 4" described
above, we still hesitate to rule out the possibility of a chronic infection,
notwithstanding the negative bacteriological results.

Concerning the dangerousness of the three modes of infection tested by
us, the intraperitoneal mode occupies the first place, followed by the con-
Junctival infection (as evidenced by the longer course), the cutaneous mode
is last. The latter contrasts with the plague bacillus, where the cutaneous
infection frequently is superior to the intraperitoneal. The relationship
of Bact. tularense with B. pestis therefore consists only in their epidemio-
logcal factor and in post mortea findings, but not extending to morphologio-
cultural and serologtio facet., as already pointed out b7 B. Gotschlieh and
Tah n Berldn (op. cit. p. 133).

The active lummIty obtained by treatment with live, weakly virulent
cultures of Bact. tularons. is MpeAor by far to iamuisaton with killed,
virulent culture, as shoe by the following tests.

7 gainea pigs awe inoculated intraperitoneally 3 times ith l4yday
- i ntervals (on 20 Yorh, 25 arch and 8 April 1939) with 1.0 loop each of a

'" virulent culture of Bact. tI se" (strain Gdlbne) Ulled b the eect of
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60 0C for one hour. The treatment is well tolerated (without losses from
endotodic effects); of course the immunizing effect is also iDch lower, as
determined by tests with a live, virulent culture of "GUlhane" on 28 April
1939, i.e. 3 weeks after the last pre-treatment:

Table IV.

Intraperitoneal injection (3 animals) Control animals not pre-treated.
Intraperitoneal injection (3 bmimals)

0.1 loop: dies of tularemia after 0.1 loop: dies of tularemia after
6 days 3 days

0.01 " " days 0.01 " " 5 days
0.001" " 12days 0.001" " 6 days.

Conjunctival infection (2 Animals) Conjunctival infection (2 animals)

0.1 loop: survives 0.1 loop: d,.es of tularemia after
0,01 I dies of tularemia after 8 days

14 days 0.01 " survives after chronic
infection. Conjunctivitis
& glandular swelling.

Cutaneous infection (2 aniuls) Cutaneous infection (2 animals)

1.0 loop: survives 1.0 loop: survives
0.1 " survives 0.1 " survives

Post mortem and cultural examinations of iinea pigs killed by tularemia
were always positive.

Teats with rabbits imminzed with 3 intraperitoneal injections of 1.0

loop each of "Stockholm 4" on 9 January, 28 January a 15 February 1939.

Of 6 aninls treated in the above ma=r, 1 dies after 2 days with
positive findings of Bact. tularense (endotxio ,ffect). Of the 5 suvivors,
3 are sacrificed on 23 March 1939 for the purpose of obtaining serum. The
serum shows an agltnation titer of between 80 and 320 aainst Bsaterium
tulganse and 0-40 a ainst Brucela Bang (*ompathetic agglutination), and
lacks inmity aainst simultaneous infection with a virulent culture of
tulremia in the animal test. 8 rabbits were inoculated 1ub7tanoushy with
5.0 eam of this serum and were sinultaneously tested with the follwvins
doses of a viruUnt cultures

Table V.

4 rabbites cutaneous instdlation of 1.0 loop
1.0 * all enecubed to tularmia
0.1 after Y-O3
0.1 U
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4 rabbits, conjunctival infection with 1.0 loop
1.0 " all succumbed to tularemia
0.1 " after 7-14 days.
0.1 "

Autopsy invariably -it ve.
Cultural demonstration positive in 3 casos.

I ho ti, reraiin. rabbits re tozted on 29 April 1939 for active
ir=-unity &jZinst intraperitor.,:. injctc-on of 1.0 loop of a viralont culture.
They su ive.

Tosts vith white mice i r uized i-Ith 3 injections of 0.5 loop each of
"Stockholm 4" on 9 January, 28 January and 15 Febraary 1959.

C- 15 mice treated in the indicatcd manner, 2 die after 5 days (one of
them with positive cultural findings of Bact. tularense), 2 others after 10
days and 1 after 13 days (the latter 3 without bacteriological confirmation).

Of the 10 surviving mice., 2 die followirn the second injection, after
14 ani 15 days., respectively; the latter due to a mechanical accident, but
uith positive cultural findings of Bact. tularens .

The surviving 8 mice tolerate the third injection without complications
and are tested for active mmmity against the following doses of virulent
culture 14 days later:

Table VI.

nmminized sanim&ls. Controls.
Intraperitoneal injection (2animals) Intraperitoneal injection (2 animals)
0.01 loop: dies after 4 days with 0.01 loop: ares after 4 days with

positive Bact. tularonse positive BUct. tularense
0.001 " survives 0.001 " dies after 4 days idthout

mlturl findings.

Subcutaneous injection (2 animls) Urutaneous injection (2 animls)

0.001 W survives culuml findings.

0.001 dies after 4 day th
positive WlUwel findings.

Conjunctival infection (2 animls) Conjunctival infection (2 adMIls)

0.01 loop: srvives 0.01 loop: des after 2 "si tbot
0.001 "  Nurv0.ve1 "UtUm% r n.

0.=01 de ao8 fter I d w witw"ural- n CA a of Uct.
:' mo"



Cutaneous infection (2 animals) Cutaneous infecti.on (2 animls)

V,0.01. loop: survives 0.01 loop: dies after 5 days vithout
0.00. survives c

0.001 e ftr 6nday i th
positive findings
tularense.

" i The result or theso tests is quite clear: !:.Nle all non-treatedcontrol mice succumbed to the infective dose of 0.001 loop of virilent

i culture via the intraperitoneal, conjunctival, subcutaneous and cutaneous
application, the animals actively immunized with live, weakly pathogenic
culture survive the subsequent infection wth the tenfold dose of a virulent
culture, with the single exception of one mouse inoculated with 0.01 intra-
p3ritoneally. However, this i=mne effect is achieved at the expense of
al=ost one-half the animal contingent. iWe are not dealing here with an
endotaxic effect, as had been the case with our guinea pigs, and which took

j place ithin the first 24 hours after injection, but with a genuine infection,
as revealed by the protracted course of 5-15 days. While the dose of 0.5
loop utilized in subcutaneous pre-treatment was enormous for the mouse, it
was important to show initially. as in the tests with guinea pigs$ that a
positive imminity my be achieved in the surviving animls b the utilization
of very large doses - regardless of losses. A more sparing mothod must
naturally be developed f practalpication# with smaller doses and

I with instillation at a less vulnerale pwtal of entry. Our econd report
X../ vwill treat the preceding questions.

Suzmazy of results.

1) The two strains of Bast. tularnse "Berlin 38" and "Stockhola 4#"
weakly pathogenic for laboratory anials, are able to evoke a genine In-
fetion in about one-half of white mice - the experiental animl most
susceptible to tulareada - whm inoculated subeutaneo~aly with * loop of
a bacterial suspension.

2) In larger laboratory animls, a massive intraperitonal injection
of 1.0 loop causes a fatal eondotoxid effect only Athin the first 24 hours
after applcation, in about 164 of rabbts and an avernage of WX of pines
pip tested with the two strains of het. teulareas Indicated.

3) The 4a son of infective modes ith vimLent culture by Intra-
perLtonalp conjunctival and cutaneous ane show that the intrapertaneal
application to the =at effective, the cutaneous mae the lest dangerous,
and the oonauntial. infection occupies the modian.

4) Concerning the rlatively low effectiveness of the cutaneous in-
fecton by rubbing into the shaved abdodl skin, as coqared with that of
the intrapAeritoneal inection, at, tularease is contrasted with the plague
bacillus to Wilaoh it is related only in respect to dodo ly and oo=n

. sectional characteristicl, wile it resembles the brioela group more
0oo0y with regard to Worphologc, cultural and serologlle ooIderations.

8I _________________________________________________



3) The conjunctival infection of test anizals most closely duplicates
the natural corditions of human infection, in which the oculo-glandular
type of disease is involved in over 1/3 of all cases, according to the
world literature and our oun experiences in Thrace.

This natural diseace picture ray also be reproduced in the test animal
by infection emanating from the conjunctiva, resulting first in conjunctivi-
tis (which mya evez hal in iz u4ized ar=n.il), then in the swelling of
regional lymph glands and finally, in Ccn.ral infection.

6) 7he animals survivin our t!.oouhgoing =r.thod of immnization
(1.0 loop suspension for rabbits and guinea pigs, intraperitoneally,
0.5 loop for white mice, subcutaneously) reveal an extensive, active izmnity
which fails only in the case of large doses givn intraperitoneally.

7) This im-nity, obtained by prior treatrmt tith live, weakly
pathogenic strains of Bact. tularanse is far superior to the incomplete
protection achieved by the application of killed culture. Endotoxin can no
longer be demonstrated in these inactivated cultures.

8) The possibility that chronic or latent infections (so-called
"premmition") might be involved in thG case of our animls inoculated with
live, weakly virulent material, is to be negated for a nuabor of our cases,
Judging from the negative reaults of autopsies and bacteriological examina-
tions o f our iwUEiXsied ainmals, but =at be conceded in certain oases.

I
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